The circumgalactic medium (CGM) is closely linked to galaxy formation and evolution, but difficult to characterize observationally and typically poorly resolved in cosmological simulations. We use spherically-symmetric, idealized, high-resolution simulations of the CGM in 10 12 M and 10 11 M dark matter halos to characterize the gas pressure, turbulent and radial velocities, and degree of thermal and effective dynamic pressure support in the overall CGM as well as in its high-and low-temperature phases. We find that the 10 12 M halo contains a CGM mostly formed of a hot gas halo in hydrostatic equilibrium out of which cold gas condenses and falls onto the central galaxy, while the 10 11 M halo's CGM is not in hydrostatic equilibrium, has a wider spread of properties at a given galactocentric radius, does not have a clear separation of hot and cold phases, and is dominated by bulk motions. We also find that the degree of pressure support in the 10 11 M halo is strongly dependent on the parameters of the galactic winds of the central galaxy. These results promote the idea that there is no "average" CGM and care must be taken when setting the initial conditions for a small-box simulation of a patch of the CGM.
INTRODUCTION
The circumgalactic medium (CGM) is the conduit between galaxies and the intergalactic medium, through which all gas that flows into or out of a galaxy must pass (see Tumlinson et al. 2017 , for a recent review). Observations have indicated that the CGM contains a significant amount of mass, perhaps as much or more as the mass in the galactic disk (Peeples et al. 2014; Werk et al. 2014; Keeney et al. 2017) , and that it is multiphase with a variety of different temperatures and densities (e.g., Gupta et al. 2012; Tumlinson et al. 2013; Bordoloi et al. 2014; . The large mass and close location of the CGM to the galaxies that host it indicate it is closely linked to the growth and evolution of galaxies, yet there are many open questions about the processes governing it.
Due to the diffuse nature of much of the CGM, it is difficult to characterize observationally. Typical surveys probe diffuse X-ray emission (Anderson & Bregman 2010; Anderson et al. 2013) or require spectra of background quasars and obtain just a handful of lines of sight through a given galaxy's CGM (Rudie et al. 2012; Tumlinson et al. 2013; Bordoloi et al. 2014; Borthakur et al. 2015; Keeney et al. 2017) and are limited in probing the full structure. Quasar absorption-line studies like these have revealed the existence of cool, warm, and hot gas in the CGM, sometimes all present along a single sightline, indicating that the CGM has a significant amount of structure. Observed velocities of gas in the CGM range from near the systemic velocity of the galaxy to hundreds of kilometers per second, suggesting the kinematic structure is just as important as the spatial structure. Theoretical and observational estimated sizes of the cool clouds range from ∼ 1 pc (e.g., McCourt et al. 2012; Liang & Remming 2018) to 100 kpc (e.g., Stocke et al. 2013; Werk et al. 2014) , suggesting that potentially very high spatial resolution is needed to understand the structure of the CGM. Quasar absorption line observations aim to produce a statistical sampling of the "typical" CGM.
Similarly, analytic works that aim to determine an overall unifying picture of the physics of the CGM, and in particular its multiphase nature, predict a wide variety of cloud sizes, kinematic structure, and physical processes. Models of galactic winds interacting with the CGM can produce multiphase gas at a variety of velocities through shock-heating and radiative cooling (Samui et al. 2008; Faucher-Giguère & Quataert 2012; Lochhaas et al. 2018; McQuinn & Werk 2018) . Models of cool gas condensing out of a hot medium predict formation times and lifetimes of cool clouds and pressure balance between hot and cool gas Voit et al. 2017; Liang & Remming 2018; McCourt et al. 2018; Voit et al. 2019) . However, analytic models tend to be idealized and neglect certain physical processes, like the evolution of dynamic or sheer instabilities, in order to be analytically tractable.
Instead, simulations can provide additional insight into not just the statistical properties of the CGM, but also its physical structure and evolution, including many physical processes not included in analytic models. Fully cosmological simulations do not have high enough resolution to resolve the CGM, and cosmological zoom-in simulations (Anglés-Alcázar et al. 2014; Hopkins et al. 2014; Rahmati et al. 2016; Henden et al. 2018; Pillepich et al. 2018 ) typically refine the densest regions, the galaxies, while the diffuse CGM remains poorly resolved. Simulations specifically designed to study the CGM at high resolution are needed (Sarkar et al. 2015; Fielding et al. 2017; Hummels et al. 2018; Peeples et al. 2019; van de Voort et al. 2019) . Peeples et al. (2019) showed that higher resolution simulations of the CGM reveal more detailed structure, especially in the cool clouds predominantly probed by quasar absorption line studies.
Simulations of galaxy clusters and massive galaxies found that cold gas condenses out of a hot medium if the cooling time is short compared to the dynamical time of the gas Sharma et al. 2012; Li & Bryan 2014; Choudhury et al. 2019; Wang et al. 2019) , and it is possible that similar models apply to lower-mass galaxy halos as well (Voit et al. 2019) . Such instability could be a source of the cool phase of gas in the CGM, but extremely high-resolution simulations are necessary to resolve the cooling length. The CGM extends to the dark matter halo virial radius, hundreds of kiloparsecs for massive galaxies, so resolving the entirety of the CGM at the level required to fully track condensation is computationally expensive. Small-box simulations of just a small region of a galactic wind flow or the CGM (Ferrara & Scannapieco 2016; Gronke & Oh 2018; Liang & Remming 2018) can reach the resolution needed to track cooling condensation, but they must be initialized with certain properties that represent a realistic CGM, such as a general gas pressure or turbulent and outflowing velocities. Full-CGM simulations, while not high enough resolution to resolve the coldest clouds, are necessary for providing the overall properties of the CGM that can be used for initializing small-box simulations. In addition, idealized simulations of the CGM are useful for understanding the bulk physics affecting the gas.
In this paper, we aim to quantify not just the overall mean properties of the simulated CGM, but also the spatial, temporal, and statistical fluctuations of the gas. Understanding the physical processes that produce and govern all parts of the multiphase gas, not just the majority of it, provides the specificity needed for initializing small-box CGM simulations and provides a basis from which to interpret observations that trace different phases of gas. We base our analysis on the simulations of Fielding et al. (2017) , which are high-resolution, 3D, idealized, isolated galaxy simulations of the full extent of the CGM.
In §2, we give a brief overview of the simulations used and how we analyze them. Section 3 presents our findings of pressure and velocity distributions at a given radius ( §3.1), and of how the pressure ( §3.2), velocity ( §3.2.2), turbulence ( §3.2.3), and pressure support ( §3.3) vary with galactocentric radius. We discuss the picture of how the CGM changes with halo mass ( §4.1), the impact of our results for small-box simulations ( §4.2), and how the results vary with the implementation of the galactic wind ( §4.3) in §4, and summarize and give conclusions in §5.
SIMULATIONS AND ANALYSIS
We use the simulations of Fielding et al. (2017) , and refer the reader to that study for more details but give an overview of the simulations here. These are 3D hydrodynamic simulations using the ATHENA code that do not model the galaxy nor cosmological structure. They have static mesh refinement so that the region closest to the galaxy at the center of the domain has higher resolution than the outskirts of the CGM; for the larger-(smaller-)mass halo simulation (see below) the resolution varies from 1.4 (0.65) kpc close to the galaxy to 5.6 (2.6) kpc at the outer edge of the domain, past the virial radius of the halo. They are spherically symmetric, with the inner edge of the domain at small radius representing the (spherical) galaxy. The only gravity included is that of a NFW (Navarro et al. 1997 ) dark matter halo. Both the inner edge and the outer edge allow inflows and outflows -at the outer edge, there is spherical cosmological accretion at a rate ofṀacc = 7M yr −1 (M halo /10 12 M ), where M halo is the mass of the dark matter halo. At the inner edge, gas from the CGM can fall onto the galaxy, and feedback in the form of galactic winds are ejected (spherically) back out of the galaxy. The mass outflow rate of winds is related to the rate at which mass falls onto the galaxy (i.e. through the inner edge of the simulated domain) bẏ
where η is the mass-loading factor of the wind and is set to a constant value. The winds are also parameterized by the ejection velocity, vw, which is set to a constant value proportional to the escape speed from the galaxy, vesc. At the inner edge of the domain, where the wind is launched, vesc ≈ 3.5vvir where vvir is the virial velocity of the halo. The wind is blowing for the full duration of the simulations.
The metallicity of the gas is fixed to one-third solar, and is the same for both the accreting gas and the galactic outflows. Outflows are expected to be metal-enriched compared to mostly-pristine cosmological accretion (Muzahid et al. 2015; Chisholm et al. 2018; Christensen et al. 2018) , so this fixed metallicity is an idealized simplification, but aligns with some CGM studies that find a metallicity ∼ 0.3Z (Prochaska et al. 2017; Muzahid et al. 2018) . The cooling rate of the gas is calculated assuming optically-thin photoionization equilibrium with a Haardt & Madau (2001) ionizing background. The gas is allowed to radiatively cool, but there is a cooling floor of T = 10 4 K, the temperature expected for photoionized gas, to prevent runaway unresolved cooling. Inside a core radius close to the galaxy, the gas is initially isentropic, and outside of that it is isothermal out to an initial virial shock. There are isobaric density perturbations throughout the simulation domain that break the spherical symmetry. These perturbations also cause the outflows to develop significant asymmetry. For example, if there is a particularly dense clump close to the inner boundary, winds injected in that direction will be immediately slowed by the dense clump while they continue escaping in other directions. The result is that winds tend to escape as "jets" or "fingers" with small opening angles and are highly asymmetric at any given time, but maintain symmetry when averaged over time.
We focus on two simulations for the majority of this paper. The first, which has a larger dark matter halo mass, has M halo = 10 12 M , mass-loading η = 2, wind speed v 2 w = 3v 2 esc , virial velocity vvir = 116 km s −1 , and virial radius Rvir = 319 kpc (the 10 12 M simulation labeled "fiducial high η" in Table 1 of Fielding et al. 2017) . The inner edge of the domain is a sphere of radius 8 kpc, representing the galaxy. The outer edge of the domain is a sphere of radius 2Rvir = 638 kpc. The second, lower-mass halo, has M halo = 10 11 M , mass-loading η = 5, wind speed v 2 w = 3v 2 esc , virial velocity vvir = 54 km s −1 , and virial radius Rvir = 148 kpc (the 10 11 M simulation labeled "strong high η" in Table 1 of Fielding et al. 2017) . The inner edge of this simulation domain is a sphere of radius 3.7 kpc and the outer edge is a sphere of radius 2Rvir = 296 kpc. The initial location of the virial shock is 0.25Rvir for the lower-mass halo and 0.58Rvir for the higher mass halo. Within this shock, the gas temperature is a constant ∼ 4 × 10 5 K for the lower-mass halo and ∼ 8 × 10 5 K for the higher-mass halo, and in both the gas temperature is 10 4 K outside the shock. These wind parameters are representative of the observed winds from galaxies of these sizes Muratov et al. 2015) .
RESULTS
To perform our analysis of the simulated CGM, we first chose 8 snapshots in time for each simulation, starting at 4.9 Gyr (to avoid initial transients) and ending at 9.8 Gyr, separated by 0.7 Gyr. At each snapshot, we split the full simulation domain into 3D radial bins as fractions of the virial radius for each halo. Our CGM gas parameters of interest are the density, temperature, thermal pressure, spherical velocity components, and two components of dynamic pressure: in the radial direction and in the tangential directions. Using the python simulation analysis and visualization module yt (Turk et al. 2011 ), we computed a distribution (normalized by either mass or volume, depending on the parameter) of the values of parameters of interest of all cells that fall into each radial bin at that given time snapshot, then compute the median and interquartile range (IQR) representing the 25% to 75% interval of either mass or volume, depending on parameter, of all cells in the bin. We then averaged the distributions, medians, and IQRs over time and found the standard deviation of these values in time as well. In this way, the median value of a parameter in a radial bin represents the time-averaged value of the majority of the gas in the bin, and the IQR represents the time-averaged range of values of all gas in a given radial bin. The standard deviation on these parameters represents only the fluctuation in time.
CGM Pressure and Velocity Distributions
It is well-known observationally that the CGM and galactic winds are both multiphase, with gas ranging from 10 4 K to 10 6 K in temperature and similarly as many orders of magnitude in density (see Heckman & Thompson 2017; Tumlinson et al. 2017, for review) . In addition, the peak of the radiative cooling curve near 10 5 K allows warm gas to cool to 10 4 K rapidly, so a multiphase medium is expected to form from thermal instability as cool gas precipitates out of the warm/hot medium. Figure 1 shows the distributions of density and temperature within a small selection of radial bins for both the 10 12 M and 10 11 M halos. The multiphase nature of the simulated CGM is clearly evidenteven when considering gas all located at the same radius, the distributions of density or temperature are generally not well-described by a normal distribution, except perhaps for the density distributions in the lower-mass halo. Instead, we see that the bulk of the gas is located at a characteristic density or temperature, but there is a tail or second peak of the distribution toward low temperature or high density, especially in the radial bins close to the galaxy. Due to this non-symmetric shape of the distribution for density and temperature, especially in the higher-mass halo, the median and IQR are not good descriptors of the distribution. We direct the reader to Fielding et al. (2017) for more distributions of the density in radial bins (their Figure 10 , see also Figure 7 for the density and temperature radial distributions) for these simulations.
Thermal Pressures
The thermal pressure distributions are visually closer to normal distributions in radial bins far from the galaxy, where any secondary peaks are much weaker than the primary peak, so we characterize them with a median and IQR. Figure 2 shows volume-weighted distributions of the thermal pressure, P th , in radial bins for both simulations.
At small radii for both halos, the pressure distribution departs from a single log-normal and becomes bimodal. The CGM close to the galaxy is dominated by a number of wind shocks as the galactic wind propagates out of the galaxy, which creates a bimodal pressure distribution as the wind is heated by passing through shocks. The lower-mass halo's small secondary peak in the pressure distribution in intermediate radial bins as well is due to the fact that this simulation exhibits strong wind shocks throughout the halo, not just close to the galaxy, unlike the larger-mass halo. The secondary peak of the distributions, for those that have a secondary peak, is more time-variable than the primary peak (indicated by the shading in Figure 2 ) and is not ubiquitous at all times.
Compared to the larger-mass halo, the thermal pressure distributions in the lower-mass halo are wider, even if only the dominant peak of the distribution is considered. The lower-mass halo contains gas that has a wider range in thermal pressure than the higher-mass halo and is not as well-defined by a single gas pressure at each radius. In addition, the peak of the pressure distributions are located at a lower pressure than in the higher-mass halo, which is to be expected because the virial temperature of the lower-mass halo is significantly lower due to the shallower potential well, so it is initialized with a lower-temperature CGM. In both halos, the primary peak of the pressure distribution becomes narrower with increasing radial bin, as the halo gas becomes smoother further from the strong winds near the galaxy.
Velocities
We split the velocity of the gas into the 3D spherical velocity components: radial velocity vr, velocity in the θ direction v θ , and velocity in the φ direction v φ . These simulations do not have bulk rotation, so we do not expect any systematic differences between v θ and v φ . However, due to the radial outflows and accretion, we do expect vr to vary significantly from either of the other velocity directions. We plot the mass-weighted distributions of the three components of velocity (different from the volume weighting of the pressure distributions) within radial bins in Figure 3 .
The v θ and v φ distributions are essentially equivalent to each other in all radial bins, as expected. The inset in the 0.6 − 0.7 Rvir, 10 12 M panel shows the v θ and v φ distributions in linear space, where it is clear that they are welldescribed as normal distributions with no significant tails to either high or low velocity. A thin black curve in this inset panel shows a normal distribution with mean and standard deviation equivalent to that of the v θ and v φ distributions, and it lies nearly on top of the v θ and v φ distributions. Because the velocities in these directions do not contain any information about outflows or inflows (the distributions are peaked at 0 km s −1 in every radial bin, and strongly timeinvariable), and because they are equivalent to each other, we argue they trace the turbulent velocity in each radial bin. The v θ and v φ distributions become narrower with increasing galactocentric radius, indicating that turbulent velocities are higher in the inner regions of the halo.
The vr distribution is very different. This is expected, as the vr component of the velocity includes the radial outflows and inflows. The outflow is evident in the radial velocity distribution as a long and time-variable tail to positive velocities, which extends to higher velocities at smaller radii. At all radii, there is also a signature of inflow that appears as a small "bump" or a second sharp peak in the distribution at negative velocities, or manifests as the distribution being peaked at a negative velocity. The equivalent distributions of v θ and v φ centered at 0 km s −1 show the turbulence is isotropic in those directions, so the vr distribution may also contain a component of turbulence in the radial direction. However, this is difficult to separate from the bulk flows. We see that there is a signature of inflow in all radial bins, not just the smallest, which is evidenced by the small excess of vr over v θ or v φ at negative velocities.
In the lower-mass halo, the width of both the radial and tangential distributions are narrower, which is expected if the bulk radial flows seed the turbulence because the outflows have a lower velocity by design than the 10 12 M halo, as its virial velocity is lower. The fastest-flowing gas in each halo is roughly 4.5 times the virial velocity of each halo, so the differences in velocity distributions between the halos can be attributed to the differences in their virial velocities more than any difference in the driving of the winds of turbulent motions themselves. The v θ and v φ distributions do not narrow with increasing radius as strongly in the lower-mass halo as in the higher-mass halo. This halo is somewhat more inflow-dominated than the higher-mass halo. The second, very narrow peak in the vr distribution at negative velocities indicates the constant-velocity cosmological accretion present in both halos. In the higher-mass halo, the accretion is only present at large galactocentric radii, but in the lower-mass halo, it can be seen down to 0.3 − 0.4Rvir. The lower-mass halo develops significant asymmetries in the outflow, so smooth cosmological accretion may reach small radii in some directions while it is disrupted by outflows in other directions, producing the bimodal shape of the vr distribution in most radius bins.
Radial Trends
To examine how the global properties of the CGM change with galactocentric radius, we compute the median and interquartile range of the middle 50% of the volume-weighted distributions of thermal pressure and of the mass-weighted distributions of radial and tangential velocities, and then average these over the 8 time snapshots. We define two types of effective dynamic pressure 1 : the radial dynamic pressure, P rad = ρv turbulent pressure of the gas in the simulations, as the tangential velocity distributions within radial bins are isotropic and appear to be tracing turbulence, as discussed above. P rad can be thought of as tracing the ram pressure of the inflows and outflows in the simulations, but it contains some contamination of turbulent motions in the radial direction, so it is an upper limit on ram pressure from purely bulk flows in and out. The true, total dynamic pressure due to both turbulence and ram pressure of bulk flows lies somewhere between Ptan and P rad . In order to separate the contribution of ram pressure due to inflows from that due to outflows, we also calculate P rad,in and P rad,out , where only gas with negative radial velocities contribute to the former and only gas with positive radial velocities contribute to the latter. Both P rad,in and P rad,out contain contributions from the isotropic turbulent pressure in addition to the ram pressure of the bulk flows, but because we expect the turbulence to be isotropic, the turbulent pressure should contribute equally to both.
We find the mean value of these dynamic pressures within each radial bin and compute the standard deviation of the fluctuation of the mean across the different time snapshots. We also use these definitions of dynamic pressure to compute the overall pressure support of the CGM in §3.3. Figure 4 shows the median and IQR of the thermal pressure distribution, the mean outward radial dynamic pressure, the mean inward radial dynamic pressure, and the mean tangential dynamic pressure, computed within radial bins, as func- tions of radius. Both halos show smoothly decreasing median thermal and mean dynamic pressures with increasing radius, but all types of pressure in the higher-mass halo have larger values than all pressures in the lower-mass halo. For the higher-mass halo, the thermal pressure is always larger than the dynamic pressures. In the inner regions of the highermass halo, the thermal and dynamic pressures are much closer in value than in the outskirts of the halo, where the thermal pressure can be 1 − 1.5 orders of magnitude larger than the dynamic pressures. In the lower-mass halo, the inner regions of the halo are dominated by radial dynamic pressure, likely due to the fast and strong inflows and outflows in this halo, while the thermal pressure and outward radial dynamic pressures are roughly equal and dominant over the tangential and inward radial dynamic pressures in the outskirts of the halo. The similarity between the tangential and radial dynamic pressures in the higher-mass halo may indicate that this halo mass is more efficient at converting bulk radial flows into isotropic turbulence than the lower-mass halo, in which the tangential dynamic pressure is always significantly smaller than the radial dynamic pressures. However, the radial dynamic pressures have a large contribution from the radial direction of the isotropic turbulent motions, so we cannot exactly compute the efficiency of conversion from bulk flows to isotropic turbulence. The IQR of the thermal pressure in the higher-mass halo is smaller, indicating a narrower distribution in a given radial bin, than the lower-mass halo. The time variation of the thermal pressure IQR is similar in both halos.
Pressures
Altogether, Figure 4 indicates that the higher-mass halo's thermal pressure is very well-behaved: it varies smoothly with galactocentric radius and has small IQRs. The thermal pressure in the lower-mass halo, by contrast, has a larger IQR (although it is also smoothly varying with galactocentric radius), possibly indicating that the lowermass halo is not as thermal pressure-regulated as the highermass halo. Not only is the higher-mass halo's thermal pressure well-behaved, it also dominates over other forms of pressure in this halo. In the lower-mass halo, bulk inflows and outflows are a stronger contributor to the overall pressure than in the higher-mass halo.
To determine if the pressure variation with radius in these idealized simulations matches the "universal pressure profile" found for hot gas in galaxy clusters (Arnaud et al. 2010; Planelles et al. 2017) , we compared the pressure profile empirically determined by Arnaud et al. (2010) to the thermal pressure profiles in our simulated CGM in Figure 5 , rescaled to the appropriate halo mass. We found that neither the normalization nor the slope of the pressure profiles in the idealized simulations studied here matches the universal pressure profile; the slope we find is steeper and the overall normalization lower. In the universal pressure profile, the mass of the halo is raised to a power that depends on the radius within the halo (see equations 8 and 10 of Arnaud et al. 2010) . A simpler form of the universal pressure profile sets this power to a constant, without any radial dependence, so we try both these forms of the universal pressure profile. We additionally scale the overall normalization of this simpler form by arbitrary values to attempt to match our simulated pressure profiles in the dash-dot curves. The simpler, scaled form of the universal pressure profile nearly matches the pressure profile we find in the higher-mass halo, but there is no physical reasoning for the normalization scaling. In the lower-mass halo, even the simpler, scaled form of the universal pressure profile does not match our pressure profile well. Perhaps the universal pressure profile does not maintain its shape and normalization when scaled down to the mass of single-galaxy hosting halos, or perhaps these idealized simulations are not capturing a physical process present in real galaxy cluster gaseous halos.
Radial Velocities
The strong contribution of dynamic pressures to the overall pressure of the CGM, especially in the lower-mass halo, warrant a deeper discussion of the velocity distributions. Figure 6 shows the time-averaged median and IQR of the radial velocity distributions in each radial bin, for both halos. The virial velocity of both halos is marked on the right axis in each panel for comparison; 10 12 M vvir = 116 km/s and 10 11 M vvir = 54 km/s. Considering the top-left panel of Figure 6 first, both halos are inflow-dominated because the median of the radial velocity distributions in each radial bin is negative, as we saw previously in Figure 3 , where the peaks of the radial velocity distributions were negative. There is a very weak trend of increasing median radial velocity with increasing galactocentric radius in both halos.
The top-right panel of Figure 6 shows that the highermass halo has a slightly wider spread of radial velocities at each radius. However, when the velocities are normalized by each halo's virial velocity, the lower-mass halo has a wider spread of velocities, despite the fact that the outflow speed relative to the escape velocity is equivalent in both halos, indicating that the gas motions in the lowermass halo are more anisotropic than in the higher-mass halo. For both halos, the width of the radial velocity distribution decreases with increasing radius because the outflows become smoother and more isotropic as they expand to larger distances from the galaxy.
The bottom panels of Figure 6 show the median and IQR of radial velocity distributions containing only the hot gas at T > 10 4.7 K or only the cold gas at T < 10 4.7 K. We choose 10 4.7 K as the dividing temperature because this temperature separates the bimodal phase distributions of all gas in the simulations well for both the higher-mass and the lower-mass halos (see Figure 8 in Fielding et al. (2017) for the temperature of all mass in the simulations over time). Note, however, that the gas with temperature above 10 4.7 K in the higher-mass halo is at a higher temperature than the gas above this dividing line in the lower-mass halo, and the division between the two gas temperatures is more distinct in the higher-mass halo than in the lower-mass halo, especially at later times in the simulations.
The similarities between the halos vanish when the gas is split into high-temperature and low-temperature. Considering the lower-left panel of Figure 6 , the median radial velocities of the gas above and below the dividing temperature in the higher-mass halo are clearly separated. The hot gas is still dominated by inflow, but at much slower inflowing velocities ∼ −10 km s −1 than the cold gas, which has inflowing velocities ∼ −50 − −100 km s −1 . In the lower-mass halo, the median radial velocities of the hot and cold gases are flipped such that the cold gas has a positive or closer to zero me- 10 11 M 0.10 × Universal P th profile with simple mass scaling Figure 5 . The thermal pressure (black circles) as a function of radius in the 10 12 M halo (left) and the 10 11 M halo (right) compared to three forms of the universal pressure profile as given by Arnaud et al. (2010) : the full form of the universal pressure profile in which the slope of the mass dependence is also radius-dependent (dashed), a simpler form where the slope of the mass dependence is constant (dotted), and the simpler form renormalized by an arbitrary factor in an attempt to better match the pressure profiles in our simulations (dash-dotted). The renormalization factor is 0.25 in the higher-mass halo and 0.1 in the lower-mass halo. The thermal pressure profiles in these halos do not seem to be well-described by the empirical universal pressure profile for galaxy clusters.
dian velocity, indicating outflow, in most radial bins, while the hot gas is more quickly inflowing in most radial bins. Unlike in the higher-mass halo, the lower-mass halo's hot and cold gas median velocities cross each other at large radius, where the hot gas represents the largest extent of outflows and the cool gas represents cosmological accretion. For both halos, the hot gas radial velocity is less time-variable than the cold gas. The bottom-right panel of Figure 6 shows that the outflows that widen the radial velocity distributions in a given radial bin are primarily hot gas in the higher-mass halo, but primarily cold gas in the lower-mass halo. This is because a higher mass loading factor for the wind leads to more efficient radiative cooling (Thompson et al. 2016) , and the lower-mass halo's wind is initialized with a higher mass loading factor than the higher-mass halo.
In summary, in the high-mass halo the hot gas is fairly static while the cool gas is inflowing, and in the low-mass halo, neither the hot nor the cold gas is static, with cold gas primarily outflowing (except at the outer edges of the halo where it is inflowing due to cosmological accretion) and hot gas primarily inflowing. This suggests that the source of cool gas in the high-mass halo may be cooling condensation due to thermal instability of a static hot halo. In the lowmass halo, the cool gas is produced through adiabatic and radiative cooling of the winds themselves, which is much more anisotropic. Figure 7 shows the time-averaged IQRs of the tangential velocity as a function of galactocentric radius, for all gas in the top panel and with gas split into hot (T > 10 4.7 K) and cold (T < 10 4.7 K) in the bottom panel. Because the medians of the v θ and v φ distributions are zero in all radial bins (see Figure 3) , we show only the IQRs of the tangential velocity.
Tangential Velocities
The higher-mass halo has a wider tangential velocity distribution in a given radial bin than the lower-mass halo at all radii, so it has a faster turbulent velocity. The two halos have roughly equivalent turbulent velocities when normalized by virial velocity; the maximum IQR, which occurs at ∼ 25 kpc from the galaxy, is ∼ 0.5vvir for both halos. Both halos' tangential velocities decrease with increasing galactocentric radius, indicating that the turbulent velocity is higher in the central regions of the halo due to the strong galactic winds. The higher-mass halo has lower turbulent velocities relative to its virial velocity in the outskirts of the halo than the lower-mass halo, indicating the lower-mass halo maintains a high level of turbulence even at large galactocentric radii. The bottom panel of Figure 7 shows that in the higher-mass halo, the hot gas in the higher-mass halo maintains a higher level of turbulence in the outer regions of the halo than the cold gas. In the lower-mass halo, the cold gas has much lower turbulent speeds in the innermost radial bins than the hot gas, but the turbulent velocities in both the hot and cold gas are similar at larger radii. The similar turbulent velocities at both high and low temperatures could be due to the fact that the "hot" and "cold" gases are actually quite close in temperature in the lower-mass halo.
The time variance in Figure 3 suggests that there is a non-negligible fraction of the time snapshots we explore in which the radial velocity distribution is similar to the tangential velocity distribution, suggesting that there is some amount of time when radial bulk flows are absent and the radial velocity is dominated by isotropic turbulence. The high-mass halo has static hot gas and inflowing cold gas while the low-mass halo has inflowing hot gas and outflowing cold gas.
locity distributions in "patches" of the CGM. We define 26 spheres in each radial bin, with diameters equal to the width of the radial bin, evenly spread in 3D space throughout the radial shell. Note that this definition can produce overlapping spheres, especially in the inner halo, as some spheres are separated by distances less than their radii. We first define a 2σ width of the tangential velocity distribution for all spheres in each radial bin, then calculate the fraction of each sphere's mass that has a radial velocity that falls outside this 2σ range. We do this for every time snapshot, then find the fraction of the 8 time snapshots where greater than 25% (or 50%) of a sphere's mass has a radial velocity outside of the 2σ range. A fraction of 0 indicates a patch of the CGM at that radius is always dominated by turbulence, while a fraction of 1 indicates it is always dominated by bulk flows. Note that because we use only 8 time snapshots, the time fractions can only take discrete values. We then average this time fraction across all spheres in each radial bin, and plot this average and standard deviation of time fractions as a function of radius in Figure 8 .
As a function of radius, the higher-mass halo shows a roughly constant fraction of time when the CGM is dominated by bulk flows rather than turbulent motions, around 30% of the time. In this case, the interaction of galactic outflows and cosmological accretion inflows primarily triggers turbulent motions in the halo rather than maintaining bulk motions.
The lower-mass halo shows both overall larger time fractions when the CGM is dominated by bulk flows at small radii, as well as a radial trend: the inner regions of the halo are more dominated by bulk motions (time fractions for 50% of the mass > 50%) while the outer regions are similar to the higher-mass halo, with 70−80% of their time dominated by turbulent motions. This is consistent with Figure 4 where the radial dynamic pressure in the lower-mass halo is both more important than the turbulent pressure in the lowermass halo and a larger contributor to the overall pressure of the halo than in the thermal pressure-dominated highermass halo. 
Velocity Structure Function
In order to understand the typical length scale of coherent gas motions in the halo, if there is one, we compute the velocity structure function (VSF), which describes the difference in velocity vectors between two points in the halo as a function of the galactocentric radius and their separation from each other. We calculate the VSF by randomly sampling 2000 pixels with T > 10 4.7 K within each galactocentral radial bin (we wish to focus on only the hot gas), then calculating [v(r, l)−v(r)] 2 for every pair of pixels within each radial bin, where v(r) is the velocity of a pixel in radial bin r and v(r, l) is the velocity of another pixel within the same radial bin r at a separation l from the first pixel in the pair. Note that the separation l need not be in the radial direction. The VSF is then produced by averaging over every pair's [v(r, l) − v(r)] 2 within bins of r and l and taking the square root. We perform this calculation at every time snapshot and report the time-averaged values. The result is shown in Figure 9 , where the VSF is plotted as a function of separation between pixels, and each curve shows the VSF for a given galactocentric radial bin. For ease of plot-reading, we do not show the 1σ time variation on each curve, which is roughly 30 km s −1 (20 km s −1 ) in the smallest radial bin of the higher-mass (lower-mass) halo and decreases to 10 km s −1 in the larger bins of both halos.
A lower value of the VSF implies more coherence in gas motions, which explains why all curves in Figure 9 dip to low values at small separations l. At larger separations in the larger radial bins, the value of the VSF approaches a constant value that describes the overall motions of uncorrelated gas. This constant value is larger in the lower-mass halo, indicating overall more gas motions in the lower-mass halo, consistent with our findings above in Figure 6 . In the smaller radial bins, the values of the VSF are larger, indicating that there is significantly more varied gas motions at smaller galactocentric radii, consistent with our findings that smaller radial bins have wider v θ , v φ , and vr distributions in Figure 3 .
The shape of the VSF curves seems to indicate that there is, in fact, a characteristic scale of gas motions throughout the halo. There is a quick rise in the VSF from l = 0 to l ∼ 25 kpc, followed by a slower rise to the constant value at larger l, in all radial bins other than the smallest bin, where the bin is too small for the VSF to reach the slowly-rising regime. This implies that the gas motions have an enhanced "patchiness" at small scales, where the values of the VSF are smaller than the value of the uncorrelated motions at large separations. The characteristic size of the "patches" can be read off of Figure 9 as the separation at which the fast rise in VSF terminates, which is l ∼ 25 kpc in both halos. The power-law slope of the VSF within these "patches" is ∼ 0.3 − 0.4, roughly consistent with that expected from Kolmogorov turbulence (Kolmogorov 1941) or from Larson's laws (Larson 1981) as derived for turbulent clouds in the interstellar medium. An interesting avenue for further study would be a more detailed examination of turbulence in the CGM using high resolution simulations.
Pressure Support
The smooth behavior of the pressure distributions and the fact they do not vary significantly over time leads to the idea that these halos, especially the higher-mass halo, are close to hydrostatic equilibrium, where the thermal pressure supports the gas against gravity. To explore this further, we define a parameter that measures the degree of hydrostatic equilibrium, Figure 9 . The velocity structure function, defined as the average difference in velocity vectors between two gas parcels in the CGM, as a function of the separation between those parcels. Left panel shows the VSF for the 10 12 M halo and right panel shows the VSF for the 10 11 M halo. Only hot gas T > 10 4.7 K is considered. Each curve shows the VSF for a different radial bin, where both gas parcels in each pair are located within the same radial bin, smaller radial bins are shown as darker curves and larger radial bins as lighter curves, as indicated in the legend. The VSF shows that velocity motions in both halos are correlated in "patches" on scales of ∼ 25 kpc.
where Φ is the gravitational potential defined by the NFW dark matter halo, and ∇r indicates the gradients of pressure and gravitational potential are taken in only the radial direction. The second equality shows how we calculate αHSE in practice, where the subscripts i and i + 1 indicate the average of the quantity in adjacent radial bins i and i + 1. If αHSE = 1, the gas is in hydrostatic equilibrium, if αHSE < 1, the gas is gravity-dominated and lacks the pressure support to hold it in place in the halo, so it may begin flowing inward, and if αHSE > 1, the gas has more than enough pressure to support itself against gravity and may be outflowing. Figure 10 shows the time-averaged αHSE (only thermal pressure) as functions of radius, both for all gas and gas that has been split into hot (T > 10 4.7 K) and cold (T < 10 4.7 K). Both halos are closest to hydrostatic equilibrium in the outer radial bins, but under-supported in the inner regions of the halo close to the galaxy, despite these regions having the strongest thermal pressure (see Figure 4) . The lower-mass halo is thermally under-supported throughout, but the higher-mass halo is in rough equilibrium for radii 0.5Rvir. When the gas is split into low-and hightemperature regimes, then we see a striking difference in the thermal pressure support. The hot gas in both halos is closer to thermal pressure equilibrium (αHSE ≈ 1) than the cold gas (αHSE ≈ 0.1), although there is still an overall lack of pressure support.
To include the dynamic pressure support, in addition to the thermal pressure support, we define another parameter similar to αHSE (equation 2) but including dynamic pressure. Because contributions to the support against gravity from dynamic motions is now included, we drop the term "hydrostatic" and instead call this new parameter just αE for "equilibrium." αE is defined as:
where again, the second equality shows how we calculate αE in practice, where i and i + 1 denote adjacent radial bins. P dyn can be the outward radial dynamic pressure, the tangential dynamic pressure, or the sum of these. In order to capture the contribution to pressure support of both the turbulent motions and the bulk flows, we consider P dyn = P rad,out as a lower limit and P dyn = P rad,out + Ptan as an upper limit. P rad,out is a lower limit because it includes only the radial direction of the isotropic turbulence, but P rad,out + Ptan is an upper limit because it then "double counts" some of the turbulent pressure because P rad,out contains a contribution from one of the three directions of the isotropic turbulence. Because we cannot separate the radial direction of the turbulence from the radial bulk flows, we are unable to exactly calculate the turbulent pressure support and bulk flow ram pressure support separately. In practice, the upper and lower limits are close to each other, so we are confident we can accurately constrain αE. Note that the inward radial dynamic pressure is included in the denominator of equation (3) because it acts in the same direction as gravity to oppose the supporting pressures of P th , P turb , and P rad,out . Figure 11 is similar to Figure 10 , but now shows the upper and lower limits on αE. With the inclusion of dynamic pressure support, the higher-mass halo is nearly in equilibrium (αE = 1) throughout, with only the innermost radial bins being under-supported. The lower-mass halo shows a stronger difference between αHSE and αE -whereas it was under-supported throughout when only thermal pressure support was considered, it has more than enough pressure to support itself against gravity when dynamic pressure is included, in all but two radial bins (note the different vertical axis scales between Figures 10 and 11) .
When the gas is split into hot and cold, the differences between the higher-and lower-mass halos become more stark. In the higher-mass halo, the hot gas is nearly perfectly in equilibrium throughout the halo, while the cold gas is under-supported throughout. In the lower-mass halo, neither the hot gas nor the cold gas are in equilibrium, nor do either have a constant level of support with increasing radius. In the inner regions of the lower-mass halo, the hot gas is over-supported (except for the innermost bin), but it approaches an equilibrium value at the outskirts of the halo. The cold gas is under-supported in the inner parts of the lower-mass halo, passes through an equilibrium value at intermediate values, and then approaches more than enough support in the outskirts of the halo. Combined with Figure 6, this suggests a picture for the lower-mass halo in which the pressurized, volume-filling (but low mass) warm outflows rapidly cool as they expand away from the galaxy, while the mass of the warm gas is dominated by material falling onto the galaxy. On larger scales, some of this warm gas reaches static equilibrium and some of it becomes cooling winds that Figure 11 . The time-averaged α E (equation 3), now computed using the sum of thermal and dynamic pressures, as a function of radius for both the 10 12 M (large circles) and 10 11 M (small circles) halos. The connected points show the lower limit on α E , where the dynamic pressure is calculated from only the radial direction of the dynamic pressure. Vertical lines extending upward from each point show the extent of the difference between this lower limit and the upper limit on α E , which includes the tangential dynamic pressure as well (see text). The top panel shows α E for all gas in each simulation, while the bottom panel shows α E when the gas is first separated by temperature at T = 10 4.7 K. Shaded regions around curves indicate the one standard deviation time variance of the values. Note that the values in the top panel are the averages of the bottom panel only when weighted by the volume of gas in each temperature phase. When dynamic pressure support is considered, the high-mass halo is roughly in pressure equilibrium while the low-mass halo is dominated by the pressure of outflows.
continue to travel outward with high pressure. At the largest scales, the cold cosmological accretion dominates the mass while the outflows continue to dominate the pressure. In summary, the inclusion of dynamic pressure in calculating the full pressure support for the halo is crucial, especially for the pressure support of the cold gas that does not have much thermal pressure support and for determining the support of a low-mass halo. The pressure support of both hot and cold gas in the lower-mass halo comes primarily from its dynamic pressure, as seen by the drastic difference between αHSE and αE in the lower-mass halo. Only the higher-mass halo is in a steady state of pressure equilibrium at a majority of radii, which is provided nearly entirely by the hot gas (which also dominates the mass of the higher-mass halo). In the higher-mass halo, the cold gas is at high density, suggesting it is primarily located in small, dense clumps that have radiatively cooled out of the hot halo. In the lowermass halo, there is much less difference between either the temperatures or the densities of the "hot" and "cold" gas, suggesting the 10 4.7 K temperature split is somewhat arbitrary, and the warm gas is adiabatically and radiatively cooling en masse within outflows without forming cloudlets.
DISCUSSION

Dependence of CGM Properties on Halo Mass
We have performed a detailed analysis of the properties of CGM gas within two simulations of galaxies hosted by 10 12 M and 10 11 M halos, and found a number of differences in the CGM between halos of these different masses. The lower-mass halo has a wider range of values within each radial bin in its thermal pressure distributions (Figure 4) and its degree of pressure equilibrium (both with and without dynamic pressure, Figures 10 and 11) . It is also more dominated by bulk flows than by turbulence (Figure 8 ) at small galactocentric radii. The CGM of halos of mass ∼ 10 11 M appears to be more dynamic than that of highermass halos. Combined with the fact that the gas in this halo is not in hydrostatic equilibrium, regardless of whether only the hot or cold gas is considered, paints a picture in which there is no steady-state of the CGM for low-mass halos.
On the other hand, the 10 12 M halo follows the trends expected for a classical "hot halo" in pressure equilibrium. The pressure distribution is well-behaved and there is only a small range of pressures within a given radial bin. The hot gas is roughly in thermal and dynamic pressure equilibrium at most large radii, while the cold gas is generally lacking thermal or dynamic pressure support.
Based on these results, the majority of the cold gas mass in the higher-mass halo is inflowing, while the hot gas is not participating in bulk flows and is supported by its thermal and turbulent pressure, a picture also expected for a hot gas halo from which cold clouds can condense to "rain" onto the central galaxy (Pizzolato & Soker 2005; Soker 2010; Gaspari et al. 2012; Voit et al. 2017) .
The lower-mass halo is reversed, with the majority of the cold gas mass outflowing and the hot gas mass inflowing, so perhaps the cold gas is sourced by the winds themselves as they adiabatically and radiatively cool (Thompson et al. 2016) , which is supported by the finding that the volumefilling warm gas is highly pressurized on small scales (despite the fact that the majority of the warm mass is inflowing).
The CGM of lower-mass halos should certainly not be considered in the same way as in higher-mass halos. It is dynamic and not in equilibrium, nor are the halo dynamics well-described by a model of cold gas condensing out of a hot medium. It is dominated by anisotropic bulk flows, not thermal gas properties, and is dependent on feedback parameters (see §4.3 below).
Implications for Small-Box CGM Simulations
Small-scale simulations of a portion of the CGM are necessary to achieve a spatial resolution approaching the cooling length which may be as small as 0.1 pc (Liang & Remming 2018; McCourt et al. 2018) , and simulations of the full CGM, like those studied in this paper, are useful for setting the initial conditions for a small-box CGM simulation 2 . The well-behaved and expected nature of the CGM of the 10 12 M halo, i.e. a static hot halo in pressure equilibrium from which cold clouds condense from thermal instabilities, allows for easier modeling of a small patch of the CGM. Close to the central galaxy, there may be additional complications from strong galactic outflows, and especially the "patchiness" of those outflows (Figure 9 ), but initializing a small-box simulation at a large galactocentric radius would require only information about the pressure support of the gas and its turbulent properties, provided the box is large enough, ∼ 25 kpc on a side, to capture the structure in the turbulent velocity "patches." Such small-box simulations would be invaluable for exploring how thermal instability proceeds in the outer CGM of massive galaxies and the formation of cold gas.
The more anisotropic and non-equilibrium nature of the 10 11 M halo's CGM creates a more complicated problem for small-box simulators. The CGM is dominated by bulk flows, both in and out, and there is not a strong difference between the hot and cold gas phases. There is significant dynamic pressure support and the isotropic turbulent velocities are the only well-behaved quantity. Both hot and cold gas can be both outflowing and inflowing, so initializing a small box to represent a patch of a lower-mass galaxy's CGM would require a careful choice of what stage of the CGM's evolution will be simulated. There are significant asymmetries that develop in the lower-mass halo, even in idealized simulations so a suite of small-box simulations at many locations within the halo would be necessary to understand the small-scale physical processes occurring everywhere within the CGM of a low-mass galaxy.
Dependence on Feedback Parameters
In addition to the reference set of wind parameters for the 10 11 M halo, we also examined three other combinations of wind speed vw and mass-loading η, with different energy efficiencies. The energy efficiency is defined as the ratio of ηv 2 w toṀ c 2 (see Fielding et al. 2017) and is 3 × 10 −6 for our reference simulation. The three other wind implementations are: one with the same mass-loading factor as our reference simulation (η = 5) but with a lower v 2 esc (energy efficiency 0.6 × 10 −6 ). All other initial conditions were kept the 2 Because the resolution in our simulations is not high enough to resolve the cooling length, we may be missing small-scale effects which impact the thermodynamics and/or dynamics of the gas. We do not think this affects our results because the thermal pressure of the cool gas is small compared to the hot gas, but small-box simulations would need to take this into account.
same, and we calculated distributions within radial bins of the thermal pressures, radial velocities, and αHSE and αE (equations 2 and 3), and calculated the time-averaged median of these distributions, as before. We also calculated the time-averaged mean tangential and radial dynamic pressures within the radial bins. Figure 12 shows the median of the thermal pressure and mean of the outward and inward radial dynamic pressures for all four 10 11 M simulations, split into two panels for ease of plot-reading. We do not plot the tangential dynamic pressures, as these are sub-dominant pressures in this halo, as we saw in Figure 4 . As before, we see the radial dynamic pressures are typically larger than the thermal pressures in the inner regions of the halo, while the two types of pressure are more similar in the outskirts of the halo.
There is not a large difference in the medians of the thermal pressures (black points with solid lines) between different sets of wind parameters, with the exception of the one simulation with η = 5 and v 2 w = v 2 esc (squares), which has the lowest wind speed out of the sets of wind parameters explored here. The wind does not travel very far into the halo and the larger radial bins for this simulation do not contain any wind material at all. The gas that is accreting onto the halo at these large radii is cold and thermally under-supported. At small radii where the outflows are present, there is no difference in the thermal pressure median between this set of wind parameters and any of the others.
The only simulation in which the outward radial dynamic pressure is equal to or greater than the inward radial dynamic pressure is the reference simulation. This is the only simulation to exhibit large-scale outflows. The other wind implementations produce inflow-dominated halos where the inward radial dynamic pressure is significantly stronger than the outward radial dynamic pressure, especially in the outskirts of the halo. Figure 13 shows the median of the radial velocity in these four simulations for all gas (top panel) and gas split into hot and cold (bottom panel) at 10 4.7 K. All sets of wind parameters produce an inflow-dominated halo, similar to the reference case. The simulation with η = 5 and v 2 w = v 2 esc (squares) has faster inflows at large radius than the other simulations for the same reason as it is undersupported: the outflows do not travel to large radii so there is only the cosmological accretion at these large radii. Similarly, the simulation with η = 0.3 and v 2 w = 4.5v 2 esc (diamonds) is slightly more inflow-dominated than the others, again because the outflows in this simulation do not travel all the way to the edge of the simulation domain, and end up returning to the central galaxy.
When the gas is split by temperature, the general trend of the hot gas smoothly inflowing while the cold gas has more variation in radial velocity is observed for all simulations as in the reference case. The reference simulation (circles) is the only to exhibit outflows on average. The others have highly anisotropic, cold outflows and inflows as evidenced by non-monotonic trends in vr over the range of radii. Figure 14 shows the IQR of tangential velocities, which traces turbulent velocities, in the simulations with different wind implementations, both for all gas (top panel) and temperature-split gas (bottom panel). Most wind implementations produce similar turbulent velocities to the refer- ence simulation, but the η = 5, (vw/vesc) 2 = 1 simulation (squares) is again an outlier with very low turbulence. Because the galactic outflows in this simulation are massive and slow, their impact on the halo is limited and they do not trigger the same degree of turbulent motions that the other wind implementations do. When the gas is split into hot and cold (bottom panel), we see both the hot and cold gas in this simulation have smaller tangential velocity IQRs than the other wind implementations. Like in the reference simulation, the other wind implementations have faster turbulent motions in the warm gas than the cool gas at small and large radii, but similar turbulent velocities at intermediate radii.
Finally, we consider the degree of pressure equilibrium in the halos with these different wind parameters. Figure 15 shows the time-average of the lower limit on αE (equation 3) calculated using the sum of thermal and radial dynamic pressures for the gas in all 10 11 M simulations, for all gas (top panel) and gas that is split in temperature into hot and cold (bottom panel). We focus on the radial dynamic pressure for these simulations, as it is dominant over the tangential dynamic pressure. We do not plot vertical lines from each point showing the difference in αE between using P th +P rad,out and P th +P rad,out +Ptan as we did in Figure 11 for ease of plot-reading. The difference in αE calculated these two ways is very small in these cases.
All wind implementations produce halos that are undersupported in the inner regions of the halo, when all gas or just cold gas is considered, but some of the wind implementations produce strong enough bulk outflows that the halo has more than enough pressure support on intermediate or large scales, like the reference simulation. There is a general trend of over-pressurized hot gas at small radii and over-pressurized cold gas at large radii, like in the reference simulation. Again, we see the simulation with the lowest wind speed (squares) produces the most under-supported and inflow-dominated halo, although the hot gas in this halo is over-pressurized at intermediate radii, where the outflows in this simulation terminate. The simulation with the highest wind speed (triangles) produces a halo closest to the pressure support scenario seen in the higher-mass halo, where the hot gas is closest to pressure equilibrium while the cold gas is under-supported. Additional feedback parameters not examined here, such as a feedback scenario with a much higher energy efficiency, might lead to a different picture of pressure support and gas motions in the lower-mass halo and should be explored further.
Overall, we find that changing the wind parameters has the largest effect on the pressure support of the gas in the CGM. We reiterate the conclusion from §4.2 that the lowermass halo is not only more dynamic and further from equilibrium than the higher-mass halo, but its support is also strongly dependent on the properties of the wind, which only serves to make initializing small-box simulations of the CGM in low-mass halos more difficult.
SUMMARY AND CONCLUSIONS
We have characterized the circumgalactic medium of two simulated galaxy halos of dark matter mass 10 12 M and 10 11 M . These simulations are of idealized, isolated galaxies with spherically symmetric potentials and cosmological accretion, and do not model the galaxy itself nor any cosmological evolution, but are high-resolution and include radiative cooling in photoionization equilibrium and galactic winds parameterized by a mass loading factor and a wind velocity.
Our main findings are as follows:
(i) The thermal pressure in the CGM is well-described by Figure 13 . The time-averaged median radial velocity as a function of radius for all 10 11 M halos with different sets of wind parameters: the reference case with η = 5 and v 2 w = 3v 2 esc (circles), a case with η = 5 and v 2 w = v 2 esc (squares), a case with η = 0.3 and v 2 w = 4.5v 2 esc (diamonds), and a case with η = 0.3 and v 2 w = 9v 2 esc (triangles). The top panel shows radial velocities for all gas in each simulation, while the bottom panel shows the median of the radial velocity distributions when the gas is first separated by temperature at T = 10 4.7 K. Note that the values in the top panel are the averages of the bottom panel only when weighted by the mass of gas in each temperature phase. The virial velocity of this halo is marked on the right axis in each panel for comparison. Different feedback parameters affect the overall motions of the gas in the low-mass halo, but all sets of parameters lead to an inflow-dominated halo.
roughly log-normal distributions that can be characterized by a median and interquartile range. Higher-mass halos have narrower distributions of thermal pressure than lower-mass halos.
(ii) Distributions of radial and tangential velocities of all gas within radial bins show that velocities tangential to the radial direction show properties consistent with turbulence, while the radial velocity distribution contains information on inflows, outflows, and turbulence. The velocities of both outflows and turbulence are larger in higher-mass halos; outflows are faster by design and drive stronger turbulence. The (circles), a case with η = 5 and v 2 w = v 2 esc (squares), a case with η = 0.3 and v 2 w = 4.5v 2 esc (diamonds), and a case with η = 0.3 and v 2 w = 9v 2 esc (triangles). Top panel shows the tangential velocity IQRs for all gas and the bottom panel shows the IQR when the gas is first separated by temperature at T = 10 4.7 K. Note that the values in the top panel are the averages of the bottom panels only when weighted by the mass of gas in each temperature phase. Half of the virial velocity value for this halo is marked on the right axes for comparison. Stronger feedback implementations drive faster turbulence in the low-mass halo.
radial and tangential velocities in both halos are proportional to the virial velocity of each halo.
(iii) Both high-and low-mass halos contain predominantly inflowing gas when all gas is considered, but when the gas is split into high temperature (T > 10 4.7 K) and low temperature (T < 10 4.7 K), cold gas in high (low) mass halos is inflowing (outflowing), and hot gas in high (low) mass halos is static (inflowing).
(iv) The velocity structure function of the hot gas reveals that both halos' gas motions are patchy with structures of size ∼ 25 kpc. Within these patches, the slope of the velocity structure function is consistent with that expected from Kolmogorov turbulence. Figure 15 . The time-averaged α E (equation 3), computed using the sum of thermal and radial dynamic pressures, as a function of radius for 10 11 M halos with different sets of wind parameters: the reference case with η = 5 and v 2 w = 3v 2 esc (circles), a case with η = 5 and v 2 w = v 2 esc (squares), a case with η = 0.3 and v 2 w = 4.5v 2 esc (diamonds), and a case with η = 0.3 and v 2 w = 9v 2 esc (triangles). The top panel shows α E for all gas in each simulation, while the bottom panel shows α E when the gas is first separated by temperature at T = 10 4.7 K. Note that the values in the top panel are the averages of the bottom panel only when weighted by the volume of gas in each temperature phase. Regardless of feedback parameters, the low-mass halo is not in pressure equilibrium.
(v) When only thermal pressure is considered, both halos are not fully supported against gravity, but the higher-mass halo approaches hydrostatic equilibrium in the outskirts of the halo, especially in its hot gas. The hot gas provides nearly all of the thermal pressure support while the cold gas is extremely under-supported.
(vi) When radial (ram) and tangential (turbulent) dynamic pressures are included in the calculation of pressure support, the higher-mass halo is nearly in perfect equilibrium, provided by its hot gas, while the cold gas is undersupported. The lower-mass halo is still not in equilibrium, and instead the warm gas is over-pressurized at small radii and nearly in equilibrium at large radii, while the cold gas is under-supported at small radii and pressurized at large radii. This supports a picture of low-mass but high-pressure hot outflows adiabatically and radiatively cooling as they expand to large radii in the lower-mass halo.
(vii) In analyzing simulations with different feedback parameters, we found variations in the mass loading and wind velocity produce the largest effects on the degree of pressure support in the low-mass halo. Galactic winds with low wind speeds or low mass loading factors tend to produce halos with little pressure support while those with higher mass loading or wind speed are closer to pressure equilibrium.
The high-mass halo's CGM follows the expected picture of a hot gas halo in thermal pressure equilibrium out of which cold gas condenses and rains onto the galaxy, but the low-mass halo does not have a static hot gas halo, is not in pressure equilibrium, and is not consistent with condensing cold gas. In addition, the properties of the low-mass halo are dependent on the galactic wind parameters. These findings imply that simulators who wish to perform small-box simulations of a patch of the CGM in order to accurately trace thermal instability and condensation at high resolution must make careful decisions about how to initalize their simulations, as the properties of any given patch of the CGM in a low-mass halo vary significantly with location in the halo and galactic wind properties, and the CGM has significant "patchiness" in its velocity structure. We have shown that there is no such thing as an "average" CGM in low-mass halos.
The idealized nature of these simulations is useful for understanding the physical processes that drive the evolution of the CGM, but there are many areas for improvement. Cold cosmological accretion is typically not perfectly spherically-symmetric, but may pierce through the CGM in filaments. Galactic winds flowing from a disk are not expected to be spherically-symmetric, but instead biconical. The typical galaxy goes through many mergers during its evolution that may drastically change its CGM. Even in such ideal cases as studied here, the multiphase nature of the CGM requires careful analysis of not just the average properties of all gas, but the properties of each individual phase, a statement which is likely to only become more true when more complicating physics are included in the simulation. This paper provides a component of a physically-motivated characterization of the complete nature of the CGM.
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